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(54) Improved substrate cooldown chamber 

(57) The disclosure relates to a cooldown chamber 
(22) allowing more efficient and rapid cooling of a sub- 
strate. The substrate (35) is cooled in the cooldown 
chamber (22) utilizing a pair of cooling members 
(38,40), preferably mating "clam shell" style members, 
positioned adjacent the top and bottom surfaces of the 
substrate. While the top surface of the substrate should 
not be contacted directly, the upper cooling member can 
approach the substrate surface, preferably to within 
about 0.025 to 0.076 cms. The bottom cooling member 
should also approach the bottom substrate surface, 



preferably making contact or being within about 0.025 
to 0.076 cms. With the cooling members closed to define 
an enclosure around a hot substrate, an inert gas is sup- 
plied to the enclosure to the space (68) surrounding the 
substrate at pressures between about 0.66 x 10 2 to 40 
x 1 0 2 N/m 2 to allow efficient thermal conduction from the 
substrate to the cooling members. After the substrate 
has been given a sufficient amount of time to cool, the 
cooling members are separated and the high pressure 
gas within the enclosure is allowed to escape and dif- 
fuse into the gases occupying the remaining volume of 
the cooldown chamber. 
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Descriptl n 

The present invention relates generally to cooldown 
chambers tor use in integrated circuit tabrication proc- 
esses. More particularly, the present invention relates 
to an improved cooldown chamber providing more rapid 
cooldown of a substrate containing a lower volume of 
cooling gas. 

Fabricating integrated circuit structures on silicon 
wafers requires the deposition and etching of multiple 
layers of metals, dielectrics, and semiconductors. 
These processes include chemical vapor deposition, 
physical vapor deposition, dielectric depositions, vari- 
ous etching processes, and the like. Many of these proc- 
esses take place in the presence of a plasma or other- 
wise occur at elevated temperatures. Therefore, the 
substrate and film layers formed thereon must periodi- 
cally be cooled either between the process steps or be- 
fore withdrawal of the wafer from a controlled environ- 
ment, such as that of a cluster tool. 

Typically, the cooling ofa substrate and the films 
formed thereon is performed in a cooldown chamber. 
This chamber is attached to a cluster tool and is dedi- 
cated to the cooling of wafers to temperatures at which 
the integrity of the films is preserved. Typical cooldown 
chambers comprise an enclosure having a slit valve al- 
lowing access from a buffer chamber of a cluster tool. 
The cooldown chamber, like the buffer chamber, is pref- 
erably operated at relatively high pressures of about 20 
torr. The cooldown chamber is operated at these pres- 
sures or greater in order to achieve sufficient thermal 
heat conduction from the substrate to the surrounding 
environment. Cooldown chambers are equipped with a 
pedestal having a cooling member formed therein to re- 
ceive a substrate and absorb a majority of the thermal 
energy released from the substrate. In applications 
where the cooldown chamber is operated at a pressure 
higher than that of the buffer chamber, it has been com- 
mon to incorporate a slit valve between the cooldown 
chamber and the buffer chamber to contain the higher 
pressure. Once the substrate has been cooled, the slit 
valve is opened and the higher pressure gas from the 
cooldown chamber is allowed to escape into the buffer 
chamber. While this creates a high pressure event in the 
buffer chamber, this higher pressure has typically been 
tolerated. 

To increase the throughput of substrates through a 
cluster tool, it is generally beneficial that each individual 
process step occur as quickly as possible. In a case of 
a cooldown chamber, it is desirable for the substrate to 
be cooled in an efficient and timely fashion and sent on 
to the next chamber for further processing, leaving the 
cooldown chamber ready to cool yet another substrate. 
It is therefore desirable to maximize the efficient cooling 
of the substrate in a cooldown chamber. 

The transfer of thermal energy from the substrate 
to the cooling member can occur, in varying proportions, 
through thermal radiation, thermal conduction and con- 



vection. In order to provide efficient thermal conduction 
from the substrate to any solid body within the cooldown 
chamber, the cooldown chamber is typically operated at 
pressures of at least 20 torr. These pressures are nec- 
6 essary to provide a sufficient density of gas molecules 
to transfer heat between adjacent surfaces. Even face- 
to-face contact between the substrate surface and a 
cooling member does not provide efficient heat transfer 
in a vacuum, because the uneven surfaces of the sub- 

10 strate and cooling member create pockets which, in the 
absence of sufficient gas molecules, provide insulation 
between the two members. 

Furthermore, the rate ofheat transfer due to thermal 
radiation and convection is much slower than thermal 

15 conduction. Therefore, efficient cooling chamber de- 
signs rely primarily on thermal conduction. In operation 
of the cooldown chamber, a robot blade inserts a hot 
substrate through the slit valve into the cooldown cham- 
ber, where the substrate is received on a plurality of re- 

20 ceiving pins. The robot blade is then withdrawn from the 
chamber and the slit valve is closed. The lift pins may 
then lower the wafer down onto the substrate receiving 
surface of the cooling member. With the substrate posi- 
tioned on the cooling member, the substrate is allowed 

25 to cool over a period of time sufficient to stabilize the 
substrate films. After this period of time has passed, the 
slit valve is opened and the substrate is withdrawn from 
the cooldown chamber by the robot and transferred to 
either a subsequent process or the load lock cassette 

30 for withdrawal from the cluster tool. 

However, this simple cooldown chamber is incom- 
patible with several processes commonly used in sem- 
iconductor fabrication. For example, if the cooldown 
chamber just described was attached to a cluster tool 

35 having a PVD deposition chamber attached to a com- 
mon buffer chamber, the high pressure excursion 
caused by the opening of the slit valve between the 
cooldown chamber and the buffer chamber can easily 
cause contamination of the PVD chamber upon opening 

40 of the PVD slit valve. Therefore, it is critical that the 
cooldown chamber slit valve and PVD chamber slit 
valve never be opened at the same time. In fact, the PVD 
chamber slit valve should not be opened until the pres- 
sure in the buffer chamber is again drawn down to its 

45 operating pressure. While the cooldown chamber is typ- 
ically filled within an inert gas, high pressure gas rushing 
through the buffer chamber into the PVD chamber could 
contaminate the PVD chamber with particles generated 
by the robot and other substrate transfer processes. 

50 Pressure excursions in the buffer chamber can be 
reduced or eliminated by the addition of a vacuum pump 
to the cooldown chamber. In operation, the vacuum 
pump would be used to reduce the pressure in the 
cooldown chamber to that equal to or below the pres- 

55 sure in the buffer chamber prior to opening the slit valve 
and removing the substrate. However, this solution adds 
additional auxiliary equipment, maintenance and ex- 
pense to the cluster tool. Furthermore, and perhaps 
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more importantly, adding a vacuum pumping step to the 
substrate cooling process adds a considerable amount 
of processing time. 

Therefore, there is a need for a cooldown chamber 
that provides rapid cooling of a substrate. More partic- 
ularly, there is a need for a cooldown chamber that is 
compatible with low pressure processes. It would be de- 
sirable if the cooldown chamber could operate at high 
pressure to maximize thermal conductance, yet mini- 
mize or eliminate pressure excursions in the buffer 
chamber. It would be further desirable if the cooldown 
chamber required only a minimum volume of high pres- 
sure gas in order to reduce the magnitude of the pres- 
sure excursion or, alternatively, reduce the amount of 
time required to pump and evacuate the gas. 

The present invention provides a cooldown cham- 
ber having an enclosure and a passageway between the 
enclosure and a buffer chamber of a cluster tool. The 
cooldown chamber utilizes a first cooling member cou- 
pled to an inside wall of the enclosure and a second 
cooling member coupled to a pedestal for receiving a 
substrate thereon, wherein the second cooling member 
can be selectively positioned adjacent the first cooling 
member to form a cooling region therebetween. A gas 
source provides an inert gas, preferably nitrogen or he- 
lium, to the cooling region. It is preferred that the cooling 
members be in fluid communication with a source of a 
cooling fluid; such as chilled water. 

In one aspect of the invention, the passageway be- 
tween the enclosure and a buffer chamber contains a 
slit valve to isolate the cooldown chamber. The 
cooldown chamber may also include an exhaust port 
and a vacuum pump for evacuating the inert gas from 
the cooldown chamber before opening the slit valve. 

In another aspect of the invention, the cooldown 
chamber has a second passageway between the enclo- 
sure and a second buffer chamber of a cluster tool, 
wherein the second passageway includes a slit valve. 
In this manner, the cooldown chamber can also serve 
as a loadlock between buffer chambers that also oper- 
ate at different conditions or pressures. 

In yet another aspect of the invention, a substrate 
is cooled at an increased rate by positioning the cooling 
members within about 0.01 and about 0.03 inches from 
the substrate surfaces. Furthermore, one or both of the 
cooling members may have a rim extending a sufficient 
distance towards the other cooling member that the 
cooling members can be selectively positioned to form 
a cooling cavity containing the substrate. The cooling 
rate is also increased by providing an inert gas to the 
cavity at a pressure greater than about 5 torr in the cav- 
ity, preferably between about 5 and about 30 torr, and 
most preferably about 20 torr. 

The invention also provides a method for operating 
a high pressure cooldown chamber on a cluster tool hav- 
ing a low pressure transfer chamber, comprising the 
steps of (a) transferring a substrate from the transfer 
chamber into the cooldown chamber, wherein the 



cooldown chamber comprises: (i) an enclosure; (ii)a 
passageway between the enclosure and a buffer cham- 
ber of a cluster tool; (iii) a first cooling member coupled 
to an inside wall of the enclosure; (iv) a second cooling 

s member coupled to a pedestal for receiving a substrate 
thereon; and (v) a gas source for providing inert gas be- 
tween the first and second cooling members; (b) receiv- 
ing the substrate on the second cooling member; (c) po- 
sitioning the second cooling member in a sealing rela- 

10 tionship with the first cooling member to form a cooling 
cavity therebetween, wherein the cavity contains the 
substrate; (d) flowing an inert gas into the cooling cavity 
at a pressure that is greater than the pressure in the 
transfer chamber; and (e) cooling the substrate. It is also 

is preferred that the gas-containing volume of the cooling 
cavity be less than the cooldown chamber volume, pref- 
erably less than about 10 percent. 

So that the manner in which the above recited fea- 
tures, advantages and objects of the present invention 

20 are attained and can be understood in detail, a more 
particular description of the invention, briefly summa- 
rized above, may be had by reference to the embodi- 
ments thereof which are illustrated in the appended 
drawings. 

25 it is to be noted, however, that the appended draw- 
ings illustrate only typical embodiments of this invention 
and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally ef- 
fective embodiments. 

30 Fig. 1 is a schematic view of a cluster tool containing 
a cooldown chamber of the present invention. 

Fig. 2-6 are cross-sectional views of a cooldown 
chamber attached to a buffer chamber illustrating the 
sequence of steps for introducing a wafer to the 

35 cooldown chamber, cooling the wafer, and withdrawing 
the wafer from the cooldown chamber. 

Fig. 7(a) and (b) show face and side views of an 
exemplary bottom cooling member having gas channels 
formed therein. 

40 Fig. 8 is a graph showing the wafer temperature 
over time using the cooldown chamber with different in- 
ert gases and wafer spacings. 

The present invention provides a cooldown cham- 
ber allowing more efficient and rapid cooling of a sub- 

45 strate. The substrate is cooled in the cooldown chamber 
utilizing a pair of cooling members, preferably mating 
"clam shell" style members, positioned adjacent the top 
and bottom surfaces of the substrate. While the top sur- 
face of the substrate should not be contacted directly, 

50 the upper cooling member can approach the substrate 
surface, preferably to within about 0.01 to about 0.03 
inches. The bottom cooling member should also ap- 
proach the bottom substrate surface, preferably making 
contact or being within about 0.01 to about 0.03 inches. 

55 With the cooling members in contact to define an enclo- 
sure around a hot substrate, an inert gas is supplied into 
the enclosure at sufficient pressure to allow efficient 
thermal conduction from the substrate to the cooling 
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members. After the substrate has been given a sufficient 
amount of time to cool, the cooling members are sepa- 
rated and the high pressure gas within the enclosure is 
allowed to escape and diffuse into the gases occupying 
the remaining volume of the cooldown chamber 

In one aspect of the invention, the cooldown cham- 
ber is in fluid communication with the buffer chamber 
through a small opening for the transfer of substrates 
with no slit valve therebetween. It is desirable to mini- 
mize the size of the opening so that any rise in pressure 
within the buffer chamber due to a pressure differential 
in the cooldown chamber occurs slowly. Furthermore, 
because the enclosure defined by the cooling members 
contains a relatively small volume of high pressure gas 
as compared with the total gas-containing volume of the 
cooldown chamber and buffer chamber, the high pres- 
sure is rapidly dissipated. The magnitude of the high 
pressure excursion in the buffer chamber is greatly re- 
duced from that caused by a conventional cooldown 
chamber. 

In another aspect of the invention, the cooldown 
chamber may be isolated from the buffer chamber by a 
slit valve. Because the enclosure defined by the cooling 
members contains a relatively small volume of high 
pressure gas as compared with the gas-containing vol- 
ume of the cooldown chamber alone, the high pressure 
is rapidly dissipated within the cooldown chamber. 
Opening the slit valve will therefore cause a much small- 
er pressure excursion in the buffer chamber than an ex- 
cursion caused by a conventional cooldown chamber. 

In yet another aspect of the invention, a cooldown 
chamber having a slit valve is also equipped with a pump 
to pull a vacuum on the cooldown chamber prior to open- 
ing the slit valve. This aspect of the invention can dra- 
matically reduce or eliminate any pressure excursion 
within the buffer chamber. 

In still another aspect of the invention, a cooldown 
chamber has two slit valves for communicating sub- 
strates between first and second buffer chambers. The 
two slit valves allow the cooldown chamber to cool sub- 
strates from both the first and second buffer chambers 
as well as performing the function of a loadlock. 

Now referring to Fig. 1, a schematic diagram of an 
integrated cluster tool 10 having a cooldown chamber 
20 of the present invention is shown. Typically, sub- 
strates are introduced and withdrawn from the cluster 
tool 1 0 through a cassette loadlock 1 2. A robot 1 4 having 
a blade 17 is located within the cluster tool 10 to move 
the substrates through the cluster tool 1 0. One robot 1 4 
is typically positioned in a buffer chamber 18 to transfer 
substrates between the cassette loadlock 12 and a plu- 
rality of chambers, such as a degas wafer orientation 
chamber 20, preclean chamber 21 , cooldown chamber 
22 and PVD chamber 25. A second robot 28 is located 
in transfer chamber 30 to transfer substrates to and from 
the chamber 26 and other processing chambers 32. The 
transfer chamber 30 in the integrated system is prefer- 
ably maintained at low/high pressure vacuum in the 



range of 1 0* 3 to 1 0" 8 torr. This configuration of chambers 
in Figure 1 comprises an integrated processing system 
capable of both CVD and PVD processes in a single 
cluster tool. However, this chamber configuration is 

s merely illustrative and should not be taken as limiting 
the application of the present invention. 

Typically, a substrate processed in the cluster tool 
10 is passed from the cassette loadlock 12 to the buffer 
chamber 18 where the robot 14first moves the substrate 

io into a degas chamber 20. The substrate may then be 
transferred into preclean chamber 24, processed in 
PVD chamber 25, and then placed into the cooldown 
chamber 22. From the cooldown chamber 22, the robot 
18 typically moves the substrate into and between one 

is or more processing chambers 32 before returning the 
substrate back to the cooldown chamber 76. It is antic- 
ipated that the substrate may be processed or cooled in 
one or more chambers any number of times in any order 
to accomplish fabrication of a desired structure on the 

20 substrate. The substrate is removed from the cluster tool 
10, following processing, through the buffer chamber 18 
and then to the loadlock 12. A microprocessor controller 
80 is provided to control the sequence and formation of 
the desired film layers on the substrates. 

25 Alternatively, the cooldown chamber of the present 
invention may be incorporated into the cluster tool at the 
position indicated by chamber 26. In this position, the 
cooldown chamber must include two slit valves to func- 
tion as a load lock between the buffer chamber 18 and 

30 transfer chamber 30. 

Now referring to Fig. 2, a cross-sectional view of the 
cooldown chamber 22 of Figure 1 is shown. The 
cooldown chamber is attached to the side of buffer 
chamber 18 of the cluster tool 10 (See Figure 1) and is 

35 in fluid communication with the buffer chamber 18 
through opening 34. The cooldown chamber itself is 
comprised of an enclosure 36 having a cooling member 
therein. 

The cooling members of the present invention In- 

40 elude a top cooling member 38 and a bottom cooling 
member 40 that is attached to a pedestal 42, wherein 
the pedestal 42 is equipped with lift pins 44 and a lift pin 
platform 46. The top cooling member 38 is equipped 
with a cooling fluid inlet 50 in communication with a 

45 source of a cooling fluid, internal cooling channels 52, 
and a cooling fluid outlet 54. Similarly, the bottom cool- 
ing member 40 is equipped with a cooling fluid inlet 56 
in communication with a cooling fluid source, internal 
cooling channels 58, and a cooling fluid outlet 60. The 

so cooling fluid may be either a gas or liquid, but the pre- 
ferred cooling fluid is chilled water. The cooling fluid 
preferably is maintained at a temperature below room 
temperature (about 25°C). It is most preferable that the 
cooling fluid have a sufficiently high flow rate and a suf- 

55 ficiently low temperature to maintain the cooling mem- 
bers at about 25*C. 

In the description that follows, the invention will be 
described with regards to a cooldown chamber including 
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both a slit valve and a vacuum pump. However, it should 
be noted that both the slit valve and the vacuum pump 
are optional within the scope of the present invention. 

Now referring to Figures 2-6, the operation of the 
cooldown chamber 22 of the present invention will be 
described more particularly. In Figure 2, the cooldown 
chamber 22, as described above, is ready to receive and 
cool a substrate. The lift pins 44 and lift pin platform 46, 
as well as the pedestal 42, are in the down position. 

Now referring to Figure 3, the robot blade 17 bear- 
ing a substrate 35 is extended through the slit valve 34 
f and into the chamber 22 to a position aligned above the 

lower cooling member 40. It is preferred that the slit 
valve opening 34 be no larger than necessary to deliver 
the substrate to the chamber. 

Now referring to Figure 4, the lift pin platform 46 has 
been actuated upward by the motor 48 raising the lift 
pins 44 sufficiently so that the upper tips of the lift pins 
44 lift the substrate 35 from the robot blade 17 so that 
the blade can be withdrawn from the chamber. 

Referring now to Figure 5, the robot blade 17 has 
been removed and the slit valve 34 has been closed. In 
Figure 6, the pedestal 42 containing the lower cooling 
member 40 has been raised to contact the bottom sur- 
face of the substrate 35 and lift it upward toward the top 
cooling member 38. The bottom cooling member 40 is 
raised until its perimeter edge 62 comes into contact 
with the rim 64 of the top cooling member 38. In this 
position, the top and bottom cooling members 38,40 
form a small enclosure in which the substrate 35 is 
cooled. 

In order to cool the substrate, an inert gas, prefer- 
ably nitrogen or helium, is pressurized through the gas 
inlet 66 into the space 68 surrounding the substrate 35 
and within the enclosure defined by the clam shell cool- 
ing members 38,40. While the surfaces of the cooling 
members that define the space 68 may be given many 
profiles, it is generally preferred that the cooling member 
surfaces adjacent the substrate have a grooved pattern 
similar to those incorporated for cooling on the surface 
of an electrostatic chuck. Because gas diffuses rapidly 
within the enclosure, it is generally not necessary that 
the gas be distributed throughout the channels but, rath- 
er, it is generally sufficient to inject the gas at a single 
point and allow the gas to pass through the channels or 
gaps and flow around the substrate. The inert gas is al- 
lowed to pass into space 68 until the back pressure 
measures between about 5 and about 20 torr. Depend- 
ing upon the type of seal formed between the bottom 
cooling member edge 62 and the top cooling member 
rim 64, it may be necessary to continue supplying gas 
to the space 68 in order to maintain the pressure until 
the cooling period is completed. 

It should be recognized that the substrate 35 is re- 
moved by reversing the sequence of steps taken to de- 
liver the substrate. Namely, the pedestal 42 is lowered, 
the lift pins 44 and substrate 35 are raised, the robot 
blade 1 7 is inserted, the lift pins 44 and substrate 35 are 
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lowered, and the robot blade 17 carrying the substrate 
35 is withdrawn. 

Referring briefly to Figures 7(a) and 7(b), face and 
side views of an exemplary bottom cooling member hav- 
s ing gas channels formed therein are shown. The chan- 
nels 70 and ridges 72 are shown in an alternating par- 
allel pattern. This pattern supports a substrate on the 
ridges 72 and allows gas to flow through the channels 
70. The edge 62 forms a sealing surface around the pe- 

10 rimeter of the member 40. This pattern is only one of 
many possible patterns that may be incorporated into 
the top and/or bottom cooling member surfaces, includ- 
ing a flat surface with no pattern at all. 

Regardless of the presence or absence of patterns 

15 or channels in the cooling member faces, the cooling 
members should not contact the top surface of a sub- 
strate, but may contact the bottom surface of the sub- 
strate. The physical contact of the substrate bottom sur- 
face with the bottom cooling member, whether flat or 

20 patterned, provides sufficient cooling within the present 
invention. However, the substrate and bottom cooling 
member may not be perfectly planar and, therefore, the 
contact will not be uniform over the entire bottom surface 
area of the substrate. Nonuniform contact may lead to 

25 nonuniform cooling. In these types of circumstances it 
may be preferred to improve the uniformity of cooling by 
employing only a small number of pins or knobs on the 
bottom cooling member to support the substrate a fixed 
distance above the cooling surface. The use of pins will 

30 minimize the surface area in physical contact with the 
substrate and maximize the surface area exposed to the 
gas which maintains a relatively uniform temperature. 

Now referring to Figure 8, a graph shows the rate 
of substrate temperature reduction as a function of time 

35 caused by thermal conduction in cooldown chambers of 
the present invention. The graph provides a tempera- 
ture profile obtained for 200 mm substrates under four 
sets of conditions: (1 ) 0.01 inch gaps filled with nitrogen, 
(2) 0.01 inch gaps filled with helium, (3) 0.03 inch gaps 

40 fined with nitrogen, and (4) 0.03 inch gaps filled with he- 
lium. The results indicate that the 0.01 inch gap with he- 
lium provides the greatest cooling. However, helium is 
more difficult than nitrogen to evacuate from the 
cooldown chamber due to its extremely light weight and 

45 is also more expensive than nitrogen. Therefore, nitro- 
gen is generally preferred for use in the cooldown cham- 
ber of the present invention, most preferably with cool- 
ing members providing a gap of about 0.01 inch. The 
approximately 11 seconds required to cool thesubstrate 

50 from >600°C to about 1 00°C is much improved from the 
about 21 seconds required by conventional cooling 
chambers. 

While it is a fact that thermal conduction increases 
with increasing gas pressure, there is diminishing return 
55 at gas pressures exceeding about 20 torr. Therefore, to 
^minimize the amount of gas introduced into the chamber 
and minimize the magnitude of any pressure excur- 
sions; it is preferred that the gas pressure during cooling 
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be maintained between about 5 and about 30 torr, with 
about 20 torr being most preferred. 

The contacting interface between the top and bot- 
tom cooling members 38,40 may incorporate an O-ring 
seal to help maintain the pressure within th clam shell s 
enclosure while minimizing the amount of gas escaping 
into the cooldown chamber 22 and ultimately into the 
buffer chamber 18. It is also sufficient that the top and 
bottom cooling members have machined smooth sur- 
faces that mate together to restrict the escape of gas to 
from the enclosure. Furthermore, it may not even be 
necessary to form any type of seal between the cooling 
members 38,40 due to the relatively low pressures 
(about 5 to about 30 torr) within the enclosure and the 
short period of time in which the pressure must be main- is 
tained (about 11 seconds). In fact, it may be preferred 
in applications that are insensitive to the gas, such as 
nitrogen, that no seal be incorporated in order to mini- 
mize the generation of particles. 

Once the desired pressure has been obtained with- 20 
in the enclosure, the substrate is allowed to cool over a 
predetermined period of time. It should be recognized 
that the length of this period of time is effected by the 
initial substrate temperature, the gas pressure, the gas 
conductivity, and the proximity of the substrate surfaces 
to the cooldown members and ultimately with the sur- 
face temperature of the cooldown members them- 
selves. It is generally not necessary to incorporate a 
thermocouple or other temperature measuring devices 
adjacent to a substrate due to the consistent heat trans- 30 
fer provided by the cooldown chamber of the present 
invention. Rather, the final temperature of the substrate 
may be calibrated to the residence time of the substrate 
within the cooling members. In this manner the sub- 
strate process recipe may dictate a fixed period of time 35 
in which the substrate must spend cooling within the 
cooldown chamber. 

Once the substrate has been in the cooling enclo- 
sure for a given period of time, the cooldown chamber 
pedestal is lowered leaving the wafer suspended on the 
lift pin. The gases originally introduced into the closed 
clam shell cooling members diffuse into the remainder 
of the cooldown chamber volume and dissipate the 
pressure. In applications where pressure sensitive op- 
erations are incorporated within the cluster tool or where 
incompatible gases are used, it may be desirable at this 
point to pump and evacuate the gases from the 
cooldown chamber prior to opening the slit valve. 

In another aspect of the invention, the cooldown 
chamber 22 may be incorporated between a buffer 
chamber 18 and a transfer chamber 30 of the cluster 
tool as shown in Fig. 1. Where the cooldown chamber 
serves a dual purpose of cooling substrates and sepa- 
rating a high pressure transfer chamber and a lower 
pressure buffer chamber, it is necessary that the 
cooldown chamber incorporate a slit valve on each side 
of the chamber. 

As shown in Fig. 2, the upper cooling member 38 is 



904 A2 10 

preferably fixed in place and may be mounted on or in- 
corporated in a removable lid of the cooldown chamber. 
It is also preferred that the upper cooling member have 
a rim formed about its outer perimeter with an inner di- 
ameter that is greater than the outer diameter of the sub- 
strate. The rim extends downward to communicate with 
the lower cooling member. It is this rim in cooperation 
with the lower surface of the upper cooling member and 
the top surface of the lower cooling member that defines 
the reduced volume enclosure in which the substrate is 
cooled. 

While the foregoing is directed to the preferred em- 
bodiment of the present invention, other and further em- 
bodiments of the invention may be devised without de- 
parting from the basic scope thereof, and the scope 
thereof is determined by the claims which follow. 



Claims 

1. A cooldown chamber comprising: 

(a) an enclosure; 

(b) a passageway between the enclosure and 
a buffer chamber of a cluster tool; 

(c) a first cooling member coupled to an inside 
wall of the enclosure; 

(d) a second cooling member coupled to a ped- 
estal for receiving a substrate thereon, wherein 
the second cooling member can be selectively 
positioned adjacent the first cooling member to 
form a cooling region therebetween; and 

(e) a gas source for providing gas to the cooling 
region. 

2. The cooldown chamber of claim 1 wherein the gas 
is an inert gas. 

3. The cooldown chamber of claim 2 wherein the inert 
40 gas is nitrogen. 

4. The cooldown chamber of claim 2 wherein the inert 
gas is helium. 

45 5. The cooldown chamber of claim 1 , further compris- 
ing a source of a cooling fluid, said source in com- 
munication with the upper and lower cooling mem- 
bers. 

so 6. The cooldown chamber of claim 1 wherein the cool- 
ing fluid is chilled water. 

7. The cooldown chamber of claim 1 , further compris- 
ing a slit valve within the passageway. 

55 

8. The cooldown chamber of claim 7, further compris- 
ing an exhaust port and a vacuum pump for evac- 
uating from the cooldown chamber. 
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9. The cooldown chamber of claim 7, furth r compris- 
ing a second passageway between the enclosure 
and a second buffer chamber of a cluster tool and 
a slit valve within the passageway. 

5 

10. The cooldown chamber of claim 1 wherein the up- 
per cooling member is fixed to the upper surface of 
the cooldown chamber. 

11. The cooldown chamber of claim 10 wherein the up- to 
per surface of the cooldown chamber is a lid. 

12. The cooldown chamber of claim 1 wherein the up- 
per surface of the lower cooling member has a plu- 
rality of raised members for holding the substrate a is 
fixed distance above the lower cooling member. 

13. The cooldown chamber of claim 12 wherein the 
fixed distance between the lower surface of the sub- 
strate and the upper surface of the lower cooling 20 
member is between about 0.01 and about 0.03 inch- 
es. 

14. The cooldown member of claim 1 wherein the rim 

of the upper cooling member extends a sufficient 25 
distance towards the lower cooling member to pro- 
vide a gap of between about 0.01 and about 0.3 
inches between the lower surface of the upper cool- 
ing member and the upper surface of the substrate. 

30 

15. The cooldown chamber of claim 1 wherein the ped- 
estal comprises a lift pin assembly for raising and 
lowering a substrate. 

16. The cooldown chamber of claim 1 wherein the first 35 
cooling member has a rim extending towards the 
second cooling member. 

17. The cooldown chamber of claim 1 6 wherein the sec- 
ond cooling member can be selectively positioned 40 
in contact with the rim of the first cooling member 

so that the cooling region forms a cavity. 

18. The cooldown chamber of claim 1 wherein the sec- 
ond cooling member has a rim extending towards 45 
the first cooling member. 

1 9. The cooldown chamber of claim 1 8 wherein the sec- 
ond cooling member can be selectively positioned 
with the rim in contact with the first cooling member 50 
so that the cooling region forms a cavity. 

20. The cooldown chamber of claim 1 7, wherein the in- 
ert gas provides a pressure greater than about 5 
torr in the cavity. ss 

21. The cooldown chamber of claim 20, wherein the in- 
ert gas provides a pressure between about 5 and 



about 30 torr. 

22. The cooldown chamber of claim 21 , wherein the in- 
ert gas provides a pressure of about 20 torr. 

23. The cooldown chamber of claim 1 , wherein th e cool- 
ing region is smaller than the cooldown chamber. 

24. The cooldown chamber of claim 1 , wherein the gas- 
containing volume of the cooling region is less than 
the cooldown chamber volume. 

25. The cooldown chamber of claim 1 , wherein the gas- 
containing volume of the cooling region is less than 
about 10 percent of the cooldown chamber volume. 

26. A cluster tool having a buffer chamber separating 
individual processing chambers, the cluster tool 
comprising: 

a cooldown chamber, wherein the cooldown 
chamber comprises: 

(a) an enclosure; 

(b) a passageway between the enclosure and 
the buffer chamber; 

(c) a first cooling member coupled to an inside 
wall of the enclosure; 

(d) a second cooling member coupled to a ped- 
estal for receiving a substrate thereon, wherein 
the second cooling member can be selectively 
positioned adjacent the first cooling member to 
form a cooling region therebetween; and 

(e) a gas source for providing gas to the cooling 
region. 

27. The cooldown chamber of claim 26, further com- 
prising a source of a cooling fluid, said source in 
communication with the first and second cooling 
members. 

28. The cooldown chamber of claim 26, further com- 
prising a slit valve within the passageway. 

29. The cooldown chamber of claim 28, further com- 
prising an exhaust port and a vacuum pump for 
evacuating from the cooldown chamber. 

30. The cooldown chamber of claim 28, further com- 
prising a second passageway between the enclo- 
sure and a second buffer chamber and a slit valve 
within the second passageway. 

31. A method for operating a high pressure cooldown 
chamber on a cluster tool having a low pressure 
transfer chamber, comprising the steps of: 

(a) transferring a substrate from the transfer 
chamber into the cooldown chamber, wherein 
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the cooldown chamber comprises: 



(i) an enclosure; 

(ii) a passageway between the enclosure 
and a buffer chamber of a cluster tool; s 
(ill) a first cooling member coupled to an in- 
side wall of the enclosure; 

(iv) a second cooling member coupled to a 
pedestal for receiving a substrate thereon; 
and 10 

(v) a gas source for providing inert gas be- 
tween the first and second cooling mem- 
bers; 

(b) receiving the substrate on the second cool- '5 
ing member; 

(c) positioning the second cooling member in a 
sealing relationship with the first cooling mem- 
ber to form a cooling cavity therebetween, 
wherein the cavity contains the substrate; 20 

(d) flowing an inert gas into the cooling cavity 
at a pressure that is greater than the pressure 
in the transfer chamber; and 

(e) cooling the substrate. 

25 

32. The method of claim 31 , wherein the gas-containing 
volume of the cooling cavity is less than the 
cooldown chamber volume. 



33. The method of claim 31 , wherein the gas-containing 30 
volume of the cooling cavity is less than about 10 
percent of the cooldown chamber volume. 

34. The method of claim 31, further comprising the 
steps of: 35 



(f) moving the second cooling member away 
from the first cooling member to release the in- 
ert gas; 

(g) removing the substrate from the cooldown 40 
chamber. 
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